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Sunflower seedlings fail to remove uranium in the Navajo Nation
Zak Webber, Ben Abbott
Plant and Wildlife Sciences, Brigham Young University, Provo, UT

Introduction
Mining and the natural geology in the Navajo Nation has led to widespread
pollution of uranium contaminating the livestock and drinking water of
many Navajo. Uranium has been shown to have adverse health effects and be
connected with hypertension, renal failure, and cancer.
Recent studies suggested that the common sunflower, helianthus annus, has
the ability to remove uranium in a hydroponic (water only) environment. This
led us to believe that sunflowers may be effective to remove uranium from the
water in soil conditions in the Navajo Nation.

Methods
Geospatial mapping was performed using Navajo Nation EPA data. A heat
map was generated showing levels of uranium in water sources sampled. (Fig
1).
Researchers collaborated with Chinle High school students and performed a
filtration experiment using 2-week sunflower seedlings. The plants were
saturated in a soil matrix and water was introduced using a livestock well
water. Samples were collected at 0, 2, 4 and 12 hours using a collection
container below the matrix. Soil only matrices were used as a negative
control.

We performed regression analysis using R to create linear regressions. A
.
decision value of α = .05 was used which reduced the probability of a false
positive to 5%.

Results
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Uranium (U) showed significant
increases over the course of the
experiment (Fig. 2). For both
plant and control treatments, U
concentration increased by
approximately 20% over the first
two hours of the experiment,
and then increased more slowly
through 12 hours. The plant
treatment was statistically
different from the control.

Uranium concentration in the Navajo Nation.
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Figure 1.
Based on the Navajo EPA data provided by Dr. Rock,
we plotted concentration of U in wells across the
Navajo Nation (Fig. 7). Approximately 47 % of tested
wells were above the recommended level of 30 µg
per liter. The highest levels of contamination
appeared to be near abandoned mines, though we did
not have enough data to quantitatively test for a
spatial correlation.
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Figure 3.
Individual incubation results and distribution of all
results as the control and plant means were not
different. The shading around the lines shows the
standard deviation of repeat injections (i.e. the
analytical error). The boxplots show the
distribution of observed values across both
treatments, representing the median, quartiles, 1.5times the interquartile range (IQR), and points
beyond 1.5-times the IQR. Linear regressions
between concentration and time were significant (p
= 0.01 and 0.001 for control and plant treatments,
respectively).

Conclusion
The lack of a difference between plant and control treatments across the three heavy metals could be due to the seedlings having too low of root density in the
soil matrix. Additionally, previous rhizofiltration experiments have been carried out in hydroponic environments with uranium dissolved in solution (i.e. in a
nutrient solution devoid of the soil) to allow assessment of the root-solution interactions. However, controlled, hydroponic environments are poor analogues for
actual soils, where multiple processes can enhance or impede root activity.
We chose to conduct our experiment to test specifically the potential efficacy of rhizofiltration in an actual soil from a contaminated area. The age of the
seedlings and the volume of the soil solution were comparable to other laboratory tests , so we reject the conclusion of a failed experiment. Instead, we
hypothesize that because soils on the Navajo Nation are arid and relatively undeveloped, when they are exposed to water flow, they rapidly weather, releasing trace
elements, including heavy metals, which are present in low quantities in these parent materials. When surveyed in many sites the soil profile was loose, gravelly,
and had large amounts of carbonate and were generally alkaline. Increased alkali properties of the soils near Chinle could predict the ineffectiveness observed in
this study. Our data suggests that rhizofiltration is unlikely to be an effective remediation technique on the Navajo Nation, at least not if the sunflowers are
planted in soils which are alkaline. Further studies should be done to investigate the mechanism by which plants actively uptake heavy metals. In future
experiments a soil matrix plant analysis of uranium may have many confounding factors and make it difficult to determine the efficacy of rhizofiltration of U.
The initial pH of the soil and root diameter can greatly affect the absorption of uranium by the roots. The presence of other ions in the soil and water can also
affect the uptake by the plant .

